Abstract: Dielectric insulation is mostly affected due to Partial discharge (PD) pulses, which are resultants of various stress parameters. Normal acquired signal from any insulating material has two components namely actual partial discharge (PD) pulses and noise. Noise suppression is crucial before any (PD) data analysis. PD pulses are short transient, randomly occurred and non-stationary signals. Recent research shows that the Wavelet transform (WT) has achieved good effect in noise rejection with acquired signal. WT proves its suitability by providing information in time and frequency domains simultaneously. Hence, WT can detect these pulses efficiently. PD signals extraction using WT requires set up of various parameters like, optimal mother wavelet selection, decomposition level selection, threshold rule and function determination. This paper presents the vital issues of WT threshold function determination. Here, a method is envisaged for appropriate WT threshold function selection based on acquired signal analysis. This work is carried out on signal measured from transformer. Also, analysis is carried out on the acquired signal and its WT generated signal. Finally, a comparison is carried out to select optimum threshold function selection for WT signal analysis.
Introduction
Electrical insulation and its life depend on various stress parameters like voltage, temperature, pressure etc. These parameters affect severely on its performance during life span [1] . Insulator failure is mostly due to the breakdown resulted from PD occurrences. Partial discharge (PD) is one of the symptoms of electrical insulation deterioration in high voltage equipment (transformers, bushings, cables, rotating machines etc.). The consequence of gradual and cumulative PD occurrences affects the insulation life over the years. Detection and diagnosis of PD of the inner insulating systems in HV equipments have been widely adopted as a means for insulation condition monitoring.
In actual working phase of any electrical equipment, the harsh environment and significant back-ground electrical noise can swamp the PD signals which are in the range of mill-volt to micro-volt. Noise has been a major challenge to PD on-line measurement. PD signals have a transient, irregular and non-periodical nature. Therefore, statistical characterization or WT method can be powerful technique for analyzing these signals. There is lots of research done on statistical characterization method for PD [2, 3] . Due to particularly designed to analyze transient, irregular and non-periodical signals in a time-scale domain, Wavelet transform (WT) can potentially be used to PD signals extraction from severe noise [4, 5] . Although publications have been made in utilizing the discrete Wavelet transform (DWT) [6] and Wavelet packet transform (WPT) [7] Former consists of a coupling unit (MPD540CPL) and data acquisition unit which is USB based data transfer unit. MPD540CPL is connected high voltage coupling capacitor through unit CPL542 which is also referred to as "quadripole". In second part (Transformer signal acquisition and analysis as per Figure 2 ) the measured waveforms are stored in PC (at different time instance). The Mtronics software has data export feature which converts recorded signal values to time stamped signal samples. Also, the extracted samples are stored in text file and further analysis is carried out.
This text file data (reference data) is given to developed program and further WT analysis was carried out to get PD pulses. WT has removed noise samples and estimated PD pulses. (7) and (8). 
where, Avg est_pos_PD is average of pulses which are above Avg pos , N est_pos_PD is number of pulses whose value is above p* Avg pos , Avg est_neg_PD is average of pulses which are below Avg neg , N est_neg_PD is number of pulses whose value is below p* Avg neg and p is the number which is used to estimate PD pulse amplitude. This experiment is carried out for different values of p which are 1, 1.5, 2 and 3. However, for p=2 best result is achieved among all 13 data set files (each data set has more then 5000 samples).
A positive pulse ratio of estimated positive pulses and average positive signal samples determines positive PD pulse intensity and vice versa. These ratios are indicated in (9) and (10).
where R pos and R neg are ratios for positive and negative estimated PD pulses respectively. This ratio estimates PD pulses intensity on actual signal. R pos high indicates that the signal has low noise contribution and high PD amplitude and vice versa. During the experiment R pos and R neg ratios are found normally equal. These ratios are used for comparison with WT determined signals. Figure 6 shows block diagram for WT analysis for determine Hard threshold function gain over soft threshold function. As discussed earlier, universal threshold method decides threshold value for present analyses.
WT is applied on signal with universal threshold value for hard and soft threshold function. Hard threshold function retains original values. So, it always gives better performance over soft threshold. This performance is referred as gain (R pos and R neg ) and it is used for comparison with original signal. During practical experiment, 13 different data sets are stored separately at different time interval. Both analyses are carried out on each of the data set. Two sets of WT results of with hard and soft threshold function are shown in Figure 7 and Figure 8 . Figure 7 shows the data set where PD values are much higher then noise. Here, R pos and R neg are much higher. In this case, the PD signal derived using hard and soft threshold are nearly same. Figure 7 Effect of hard and soft threshold selection on experimental data set-1 (refer Figure 9 ). Figure 9) Finally, a comparison is formed on each data set and it is shown in Figure 9 . It shows all 13 stored data sets analysis and results. Figure 7 and Figure 8 are detail analysis of record set-1 and record set-7 respectively.
Figure 9 Comparison of Hard threshold gain on actual signal (for p=2)
As shown in Figure 9 , when R pos and R neg are higher then hard threshold gain is less and vice versa. In other words, when acquired signal have unclear PD pulses or more noise contribution; then only hard threshold gives good results whereas in other conditions both threshold functions gives near same results.
Conclusion
In this paper, simulated PD signals were extracted with Wavelet transform. A PD pulse denoising is carried out using universal threshold with hard and soft threshold function. Also on actual signal, analysis is carried to determine in advance which threshold function is to be selected. Based on actual data and analysis, it is concluded that if the signal has low PD pulse intensity then there is great advantage of hard threshold function, but when noise contribution is low compared to PD pulses then there is marginal advantage of hard threshold function over soft threshold function (Figure 9 stored data sets 1, 2 and 9). So, based on actual data expectation early threshold function can be estimated.
Further, a hardware can be designed which, chooses appropriate threshold function for optimum WT threshold function selection based on present time domain data stream. 
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